Summary. Food intake of control and streptozotocin-diabetic rhesus monkeys was measured during menstrual cycles and pregnancy. Intake of control monkeys was lower at the time of ovulation than during other phases of the menstrual cycle. Intake of control monkeys was also low during most of pregnancy, but this was accompanied by normal fetal growth and net maternal weight gain. Diabetic monkeys ate more than controls in all conditions and their intake did not vary reliably according to reproductive status. It is suggested tfiat (1) oestrogen normally inhibits food intake during menstrual cycles and pregnancy, (2) food energy is utilized more efficiently during pregnancy than during non-pregnant states, and (3) the influence of oestrogen on food intake is either attenuated by insulinopenia or is obscured by the hyperphagia typically exhibited by the diabetic monkeys.
Caloric intake of females of several species varies according to reproductive condition. For example, food intake of most laboratory species is relatively low near the time of ovulation and it is elevated during pregnancy and lactation [17] . Primates have been less thoroughly studied in this regard, but periovulatory decreases in caloric intake have been reported for baboons [9] and macaques [3, 4, 15] , as well as women [6] . Food intake is also generally presumed to increase during the primate pregnancy in order to accommodate fetoplacental development, but there is surprisingly little quantitative information on this topic. These fluctuations in food intake during reproductive cycles are thought to be mediated, to a large extent, by an inhibitory influence of oestrogen on eating behaviour [4, 16] .
Food intake is elevated in cases of poorly controlled diabetes mellitus where insulin insufficiency impairs the utilization of blood-borne nutrients. The potential interactive effects of insulin and ovarian hormones on the modulation of caloric intake are of interest for two reasons. Firstly, predictable changes in hunger are of practical importance for counselling insulin-dependent women; secondly, the documentation of these effects would provide insight into the mechanism of action of these hormones on behaviour. In this report we describe food intake of normal and diabetic rhesus monkeys in relation to their reproductive condition.
Materials and methods
Fourteen adult female Macaca mulatta were included in these observations as part of a project designed to explore the mechanisms for abnormal lung maturation in fetuses of diabetic mothers [11, 13] . Seven of them were treated with the pancreatic B cell toxin streptozotocin (STZ; 47.5 mg/kg). All STZ-treated animals exhibited marked glucose intolerance during glucose tolerance tests conducted 4-6 weeks after STZ treatment [t 1]. Six of these animals were maintained for approximately 1 year before insulin therapy was initiated. At that time insulin was given to arrest the progressive deterioration of their physical condition. The remaining monkey required daily insulin within 2 weeks of STZ treatment. Insulin therapy was designed to maintain fasting plasma glucose values in the range of 8.5-19.5 mmol/1 by a single daily injection of 5-20 units of NPH insulin or NPH plus 2.5-5 units of soluble insulin [11] . Seven control animals comparable in age and weight to STZ-treated animals were studied concurrently ( Table 1) .
All animals were individually housed in metabolic cages (76 cmx 71 cm x 79 cm high) in a room which was artificially lighted from 06.00 to 18.00 h and maintained at approximately 21 ~ Tap water was available ad libitum and high protein Purina monkey chow (25% protein, 4.3 kcal/g) was also freely available except during occasional overnight deprivations for experimental purposes. Daily food intake was measured by calculating the difference between the number of biscuits given to each animal in the morning and the number remaining in the cage and drop pan the following morning. Average biscuit weights were determined by weighing a sample of 50 biscuits from each bag of chow. One or two pieces of fruit were also fed one to two times daily; this was always quickly and completely eaten. The animals were weighed at least weekly during the period of observation. Results expressed as mean _+ SEM a < both groups of diabetic monkeys, p<0.001; b < during other phases, p<0.001
Daily ratings of intensity of colouration of the sex skin were made and occurrence of menstruation was noted. A pattern of increasing values for colour ratings for 2 3 weeks followed by a precipitous decline (colour breakdown) and then menstruation 12-18 days later is considered to indicate an ovulatory cycle [5] . Ovulation usually occurs 2 days before colour breakdown. Food intake data from apparently normal menstrual cycles were aligned relative to the day of colour breakdown for descriptive purposes. For statistical analysis, four periods of these cycles were defined: the early follicular phase (5 days beginning with the first day of menstruation), pre-ovulatory phase (days 2-4 before colour breakdown), the midluteal phase (5 days midway between the day of presumed ovulation and the first day of subsequent menstruation), and the late luteal phase (4 days immediately preceding menstruation).
Matings were performed during some cycles at the time of anticipated ovulation. When pregnancies ensued food intake data were similarly aligned relative to the estimated day of conception. Pregnancies were terminated by Caesarean section delivery on days 142-145 of gestation for the purposes of a related study [13] .
Data were statistically evaluated by analysis of variance with Newman-Keuls tests, Student's t-test, and Pearson's Product Moment Correlation Coefficient.
Results
Average food intake of seven control monkeys during 30 menstrual cycles is illustrated in Figure 1 . Intake of this group averaged between 150-200g/day except at midcycle when there was a marked decrease. Intake of these monkeys was significantly lower during the preovulatory phase than during the early follicular, midluteal and late luteal phases (Table 2 ). This pattern of lowest intake during the pre-ovulatory phase was consistently evident for six of the seven animals and for 81% of all cycles studied. Neither average food intake nor magnitude of suppression of intake at ovulation was related to body weight.
Three monkeys in the control group became pregnant during the period of observation. Average scores for sex skin colouration, food intake, and body weight for these pregnancies are illustrated in Figure 2 . Colour scores varied during the cycle of conception and during early pregnancy reflecting changes in oestrogen secretion by the ovary and placenta, and then remained high during the second and third trimesters when oestrogen levels are also elevated [2] . Colour intensity decreased when the fetus and placenta were delivered. Food intake varied inversely with colour ratings before, during, and after pregnancy, and it was not higher during pregnancy than in the non-pregnant state. For example, intake of these three monkeys during the pre-ovulatory . In spite of this 24% average reduction in caloric intake during most of pregnancy, maternal body weight increased by 1.2 kg from conception until delivery, and following delivery it remained 0.3 kg higher than the value at conception. Fetal development in these pregnancies was normal for gestational age [11] , and fetal body weights at delivery averaged 414 g (Table 3 ). Food intake was not related to maternal weight in these pregnancies, but the mother who ate the least gained the least weight and had the smallest fetus.
Diabetic monkeys ate more chow than control monkeys and average values of intake were not detectably related to stages of the menstrual cycle ( Table 2) . Intake of diabetic monkeys was typically at least 50% greater than that of controls and it was not affected by the insulin dosages employed here. (It should be noted, however, that the insulin therapy was designed to moderate but not eliminate hyperglycaemia.)
Three pregnancies of diabetic monkeys have been studied under these conditions. One monkey was observed during two pregnancies, one with and one without insulin therapy, while the third pregnancy was of another insulin-treated monkey (Table 3 ). Intake during these pregnancies was more variable than observed during pregnancies of normal monkeys, and no reliable relationship between food intake and colour ratings was detected. Maternal weight gain during pregnancy was 0.8 kg and after delivery average maternal weight was 0.3 kg less than at conception. Weights of these offspring of diabetic mothers averaged 500 g (Table 3 ).
Discussion
The present observation of decreased food intake during the pre-ovulatory phase of the menstrual cycle is consistent with several previous reports. Gilbert and Gillman [9] monitored intake of three baboons during three menstrual cycles each and reported decreased intake of a mixed diet during the follicular phase of the cycle. Czaja [3, 4] and Rosenblatt et al. [15] studied rhesus monkeys fed a standard commercial diet and found a decrease in intake at midcycle. Dalvit [6] , utilizing interview data from a sample of eight women who were not aware of the purpose of the study, found that intake was lower during the follicular phase than during the luteal phase. The present report differs from the previous studies in that the subjects had a standardized [6, 9] , high-protein diet [3, 4, 15] , which was continuously available [3, 4, 9, 15] . Thus, the present results confirm and extend the observation of systematic changes in food intake during the primate ovarian cycle.
Spontaneous caloric intake during pregnancy has not been adequately defined for any primate species, but the prevailing assumption is that it increases. Consistent with this, Czaja [3] found that the proportion of pregnant rhesus monkeys that did not eat all of their allotted daily food decreased from 50% during week 6 of pregnancy to less than 10% by week 14. Similarly, Riopelle et al. [14] reported a 20% increase in caloric intake after week 6 of pregnancy for animals eating a semi-purified diet containing 13% protein. Kohrs et al. [12] , on the other hand, indicated that rhesus monkeys meal-fed an 11% protein liquid diet displayed a 10% reduction in intake after day 80 of pregnancy. It is difficult to evaluate these apparently contradictory results because of methodological differences among the studies. However, the present observation of relatively low intake after the second month of pregnancy for monkeys allowed to eat ad libitum provides further support for the existence of an inhibitory influence on eating behaviour during the primate pregnancy.
It is difficult to assess accurately the caloric intake of women, particularly over long periods of time such as encompassed by pregnancy. Furthermore, the pregnant woman is likely to be influenced by nutritional advice which may or may not be supported by sound evidence. However, the results of two extensive studies of intake of pregnant women are consistent with the observations of rhesus monkeys reported here [1, 7] . In both clinical studies caloric intake was found not to increase during pregnancy and it actually tended to decrease after the second trimester. It was also noted that obesity was more likely to occur during pregnancy than was nutritional deficiency [7] . Continued development of a non-human primate model would enhance our understanding of the energy requirements of the human pregnancy.
Oestrogen has been shown to exert a suppressive effect on food intake of primates. Oestrogen injections [4] or implants [10] given to ovariectomized monkeys lead to a dose-related reduction in food intake. Also, oestrogen levels are elevated during, the pre-ovulatory phase of the menstrual cycle when intake is lowest. Reduced intake during the later portion of pregnancy is consistent with the notion of an oestrogen-mediated inhibition of eating. It is more difficult, however, to reconcile the substantial weight gain observed during pregnancy with this lower energy intake. There must be a corresponding decrease in energy expenditure to account for this imbalance. Further studies of physical activity and metabolic activity of pregnant monkeys would be very helpful in this regard.
Intake of diabetic monkeys was greater than that of controls. Although food intake did not vary reliably according to reproductive condition, pre-ovulatory decreases in food intake were evident during some menstrual cycles of diabetic animals. In one case involving an insulin-dependent monkey, such a pre-ovulatory reduction was probably responsible for an episode of hypoglycaemic shock. The absence of a statistically significant relationship between phase of the cycle and food intake may be attributable to the consistently elevated and generally more variable intake of the diabetic animals. However, a study of ovariectomized diabetic rats suggested a decreased sensitivity to the anorexic effects of exogenous oestrogen [8] . Continued studies of energy balance of normal and diabetic animals during reproductive cycles will be necessary to resolve these issues completely.
